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Interleukin-17+CD8+ T Cells Are Enriched in the Joints of 
Patients With Psoriatic Arthritis and Correlate With 
Disease Activity and Joint Damage Progression 
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Objective. Psoriatic arthritis (PsA) is associated 
with HLA class I genes, in contrast to the association 
with HLA class 11 in rheumatoid arthritis (RA). Since 
IL-17+ cells are considered important mediators of 
synovial inflammation, we sought to determine whether 
IL-17-producing CD8+ T cells may be found in the 
joints of patients with PsA and whether these cells might 
contribute to the disease process. 

Methods. Mononuclear cells from paired samples 
of synovial fluid (SF) and peripheral blood (PB) from 
patients with PsA or patients with RA were stimulated 
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ex vivo, and CD4— T cells were examined by flow 
cytometry for cytokine expression, cytotoxic markers, 
and frequencies of y/S or mucosal-associated invariant 
T cells. Clinical measures of arthritis activity (C- 
reactive protein [CRP] level, erythrocyte sedimentation 
rate [ESR], Disease Activity Score in 28 joints 
[DAS28]) and power Doppler ultrasound (PDUS) 
scores for the presence of active synovitis in the aspi- 
rated knee were recorded and assessed for correlations 
with immunologic markers. 

Results. Within the CD3+ T cell compartment, 
both IL-17+CD4- (predominantly CD8+) and IL- 
17+CD4-I- T cells were significantly enhanced in the SF 
compared to the PB of patients with PsA (P = 0.0003 
and P = 0.002, respectively; n = 21), whereas in patients 
with RA, only IL-17+CD4+ T cells were increased in 
the SF compared to the PB (P = 0.008; n = 14). The 
frequency of IL-17+CD4- T cells in PsA SF was 
positively correlated with the CRP level (r = 0.52, P = 
0.01), ESR (r = 0.59, P = 0.004), and DAS28 (r = 0.52, 
P = 0.01), and was increased in patients with erosive 
disease (P < 0.05). In addition, the frequency of IL- 
17+CD4- T cells positively correlated with the PDUS 
score, a marker for active synovitis (r = 0.49, P = 0.04). 

Conclusion. These results show, for the first time, 
that the PsA joint, but not the RA joint, is enriched for 
IL-17+CD8+ T cells. Moreover, the findings reveal that 
the levels of this T cell subset are correlated with disease 
activity measures and the radiographic erosion status 
after 2 years, suggesting a previously unrecognized 
contribution of these cells to the pathogenesis of PsA. 

Psoriatic arthritis (PsA) is an inflammatory joint 
disease of unclear etiology that affects —10-30% of 
patients with the skin condition psoriasis (1). Although 
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PsA, like rheumatoid arthritis (RA), can result in pain, 
loss of function, and damage of the joint, the disease is 
clinically, radiologically, and serologically distinct from 
RA (2-4). In addition, PsA and RA have different 
genetic associations with the major histocompatibihty 
complex region that encodes HLA, in which RA is 
associated with HLA class II, whereas PsA is associated 
with HLA class I (5-7). These differences suggest that 
the immunopathologic mechanisms of these 2 diseases 
may also differ. 

The association with HLA class I suggests that 
CD8+ T cells have a role in the pathogenesis of PsA. 
This is supported by observational data; patients with 
advanced human immunodeficiency virus (HIV) status 
and low CD4+ T cell counts may develop de novo or 
worsening PsA and/or psoriasis, whereas patients with 
CD4+ T cell-driven diseases such as RA have shown 
improvement at the onset of HIV infection (8,9). It has 
been suggested that the corresponding increase in 
memory CD8+ T cells, comprising up to 80% of the 
total T cell compartment in severe HFV infection, con- 
tributes to the development of PsA in this context (10). 

Despite the suggestions that CD8+ T cells play 
an important role in the pathogenesis of PsA (11,12), 
most studies of T cell cytokine expression in PsA have 
focused on CD4+ T cells, particularly those expressing 
the proinflammatory cytokines interleukin-17A (IL- 
17A), interferon-7 (IFNy), or tumor necrosis factor a 
(TNFa) (13-15). The proinflammatory cytokine IL-17 is 
of particular interest because of its potent osteoclasto- 
genic activity and its ability to up-regulate matrix met- 
alloproteinases and proinflammatory cytokines (IL-lj8, 
IL-8, TNFa) (16). We previously showed that levels of 
synovial IL-17 messenger RNA (mRNA), in synergy 
with TNFa, are predictive of joint damage progression 
in RA (17), and that the percentage of synovial 11^17- 
producing CD44- T cells is correlated with markers of 
disease activity and active synovitis in RA (18). IL- 
17-I-CD4-I- T cells have been studied in patients with 
PsA (13,14,19,20); however, the role of IL-17-I-CD8-I- T 
cells in the PsA joint is currently unknown. 

Herein we present a detailed investigation of the 
presence of IL-17+ T cells and other cytokine- 
expressing T cells (CD4-I- versus CD4— T cells) in the 
peripheral blood (PB) and synovial fluid (SF) of patients 
with PsA. Our findings show that IL-17+CD4- T cells 
are predominantly CD8-I- cells, and their levels are 
significantly increased in the SF of patients with PsA. 
Moreover, the levels of these cells are significantly 
correlated with measures of disease activity, the erosion 
status assessed by radiography, and the presence of 
active synovitis assessed by power Doppler ultrasonog- 



raphy (PDUS). Our data suggest that IL-17-producing 
CD8+ T cells may constitute an as-yet-unrecognized 
pathogenic immune cell population in patients with PsA. 

PATIENTS AND METHODS 

Healthy controls and patients. Healthy control sub- 
jects were recruited from among university staff, hospital staff, 
and students. Patients with PsA and those with RA were 
recruited from the Guy's and St. Thomas' Foundation NHS 
Trust Rheumatology and Dermatology outpatient clinics. All 
subjects provided consent to donate PB samples, and where 
available, SF samples. Patients with PsA fulfilled the classi- 
fication criteria of the Classification of Psoriatic Arthritis 
(CASPAR) Study Group (21), and patients with RA fulfilled 
the 2010 American College of Rheumatology/European 
League Against Rheiunatism classification criteria for RA (22). 

All patients underwent a clinical examination that 
included tender and swollen joint counts and the Disease 
Activity Score in 28 joints (DAS28) (23). Laboratory investi- 
gations included determination of the C-reactive protein 
(CRP) level and the erythrocyte sedimentation rate (ESR). 
For patients with PsA, radiographs of the hands and feet were 
obtained at the time of clinical assessment and in those with 
an arthritis duration of <2 years, foUowup radiographs were 
obtained after 2 years to assess the erosion status of the joints. 
Radiographs were read by an experienced clinician (BWK) 
who was blinded with regard to the study data. The presence of 
definite joint erosions, as evident on radiographs of the hands, 
feet (all subjects), and knees (when available), was used to 
define erosive (versus nonerosive) disease. Aspiration of SF 
samples was undertaken after the PDUS assessment. The 
demographic and clinical characteristics of the study subjects 
are summarized in Table 1. All subjects provided written 
informed consent, and ethics approval was granted by the 
Bromley Research Ethics Committee. 

Ex vivo cytokine staining. PB mononuclear cells 
(PBMCs) and SF mononuclear cells (SFMCs) were isolated by 
density-gradient centrifugation using lymphocyte separation 
medium (LSM 1077; PAA Laboratories). Cells were placed in 
culture medium (RPMI 1640 supplemented with 10% fetal 
bovine serum [FBS]) (batch F9665, lot 030M3399; Sigma- 
Aldrich) containing 1% penicillin/streptomycin and 1% 
L-glutamine (Gibco), followed by stimulation for 3 hours with 
phorbol myristate acetate (PMA; 50 ng/ml) and ionomycin 
(750 ng/ml) (both from Sigma-Aldrich) in the presence of 
GolgiStop (BD Biosciences), according to the manufacturer's 
instructions, at 37°C. Extracellular surface staining was per- 
formed at 4°C using the following antibodies: phycoerythrin 
(PE)-Cy7-conjugated anti-CD3, Pacific Blue-conjugated 
anti-CD8, allophycocyanin (APC)-Cy7-conjugated anti- 
CD 14, fluorescein isothiocyanate (FITC)-conjugated anti- 
CD107a, Alexa Fluor 647-conjugated anti-CD161, FITC- 
conjugated anti-7/8 T cell receptor (TCR), or PE-conjugated 
anti-V„7.2 TCR (all from BioLegend). Thereafter, the cells 
were fixed with 2% paraformaldehyde and permeabilized with 
0.5% saponin (Sigma-Aldrich). Intracellular cytokine staining 
was performed at 4°C with the following antibodies: Pacific 
Blue-conjugated anti-CD4, PerCP-Cy5.5-conjugated anti- 
CD4, FITC-conjugated anti-granzyme B, APC-conjugated anti- 
IFN7, PerCP-CyS.S-conjugated anti-IFNy, Alexa Fluor 488- 



1274 



MENON ET AL 



Table 1. Demographic and clinical characteristics of the study subjects* 



Patients with PsA Patients with RA 





All PsA 


Paired PB/SF 


All RA 


Paired PB/SF 


Healthy controls 




(n = 33) 






('n = 14"> 
[n if; 


('n = 14"> 
[n if; 


Female, no. (%) 


12 (36) 


6(29) 


18 (75) 


10(71) 


8(57) 


Age, mean ± SEM years 


45.1 ± 2.86 


43.8 ± 3.73 


54.3 ± 2.54 


53.5 ± 3.20 


43.8 ± 3.03 


Oligoarthritis, no. (%) 


25 (76) 


16 (76) 


0 (0) 


0(0) 




Disease duration, mean ± SEM years 


8.7 ± 1.43 


7.3± 1.57 


9.2 ± 1.73 


12.2 ± 2.45 




Treatment, no. (%) 












Biologies 


8(24) 


6(29) 


4(17) 


1(7) 




DMARDs 


12 (36) 


8(38) 


17 (71) 


10 (71) 




No treatment 


13 (39) 


7(33) 


3(12) 


3(21) 




DAS28 












Mean ± SEM 


3.99 ± 0.21 


3.87 ± 0.24 


4.05 ± 0.32 


4.79 ± 0.36 




Range 


1.6-6.6 




1.4-6.9 






ESR, mean ± SEM mm/hour 


24.4 ± 4.42 


29.9 ± 6.07 


22.8 ± 2.86 


23.4 ± 4.22 




CRP, mean ± SEM gm/dl 


31.8 ± 8.43 


42.2 ± 12.0 


13.0 ± 2.53 


17.2 ± 4.10 




Erosive disease, no. (%) 


19 (57) 


13 (62) 


19 (80) 


12 (85) 





* In total, 33 patients with psoriatic arthritis (PsA), 24 patients with rheumatoid arthritis (RA), and 14 healthy control subjects were recruited into 
the study. None of the patients had pure spondyloarthritis, arthritis mutilans, or distal interphalangeal joint arthritis. PB = peripheral blood; SF = 
synovial fluid; DMARDs = disease-modifying antirheumatic drugs; DAS28 = Disease Activity Score in 28 joints; ESR = erythrocyte sedimentation 
rate; CRP = C-reactive protein. 



conjugated anti-IL-10, Alexa Fluor 488-conjugated anti-IL- 
17A, Alexa Fluor 647-conjugated anti-IL-17A, PE-conjugated 
anti-IL-17A, Alexa Fluor 647-conjugated anti-IL-21, PE- 
conjugated anti-perforin, APC-conjugated anti-TNFa (all 
from BioLegend), or PE-conjugated anti-IL-22 (R&D Systems). 

All ex vivo cytokine stains were performed with freshly 
isolated cells. In addition, PBMCs and SFMCs were cryopre- 
served within 2 hours of isolation and stored in liquid nitrogen 
in culture medium supplemented with 50% FES and 10% 
dimethyl sulfoxide. These samples were subsequently analyzed 
for the presence of cytotoxic molecules and mucosal-associated 
invariant T (MAIT) cells. 

Flow cytometry. Ex vivo samples were acquired on a 
FACSCanto (BD Biosciences) and analyzed using FlowJo 
software (Tree Star). Viable single cells were identified based 
on iheir forward scatter area/forward scatter width profile, and 
T cells were gated by positive staining for CD3 and negative 
stainmg for CD14. Analysis of the CD4-I- and CD4- T cell 
compartments was performed, and where indicated, analysis of 
the CDS -I- T cell population was also performed. 

PDUS image acquisition. PDUS examination of the 
joints was performed using a GE Logiq scanner (version 9; GE 
Healthcare) with a matrix array transducer at 5-14 MHz. 
Images recorded using PDUS were later analyzed in a blinded 
manner by 2 rheumatologists experienced in ultrasonography 
(NJG and TG). The knee joints were assessed at 5 points in the 
longitudinal and oblique planes at the suprapateUar pouch and 
the joint margins, and a mean PDUS score for the presence of 
active synovitis was calculated. Gain was reduced to the point 
where the signal in the cortical bone disappeared, to minimize 
background noise. PDUS images were graded using a semi- 
quantitative scale, ranging from 0 to 3, where 0 = no signal, 
1 = 1-2-pixel involvement, 2 = up to 50% pixel involvement, 
and 3 = >50% signal (18,24). 

Statistical analysis. Results are expressed as the 
mean ± SEM for normally distributed data or as the median 
(interquartile range [IQR]) for nonparametric data. For paired 



PB and SF samples, Wilcoxon's matched pairs signed rank test 
or one-way analysis of variance was used (nonparametric data). 
Correlations were analyzed using Spearman's correlation co- 
efficients for nonparametric data. In addition, linear regression 
analyses with line-of-best-fit were performed. All data were 
analyzed using Prism software (version 5; GraphPad). P values 
less than 0.05 were considered significant. 

RESULTS 

Increased SF levels of IL-17+CD4- T cells in 
patients with PsA, but not in patients with RA. Paired 
PBMCs and SFMCs from patients with PsA (n = 21) or 
patients with RA (n = 14) were stimulated ex vivo for 3 
hours with PMA and ionomycin in the presence of 
GolgiStop, and the percentage of CD3+CD4-I- and 
CD3-I-CD4- T cells expressing IL-17 was determined 
(Figures lA and B). In patients with PsA, the percentage 
of IL-17+CD3+ T cells was significantly increased in 
the SF as compared to the PB (median 2.30%, IQR 
1.2-3.69 versus 0.70%, IQR 0.56-0.85; P = 0.0004). An 
increased frequency of IL-17+ cells in the SF as com- 
pared to the PB was detected in both CD3+CD4- T 
cells (median 1.10%, IQR 0.36-2.19 versus 0.18%, IQR 
0.09-0.32; P = 0.0003) and CD3+CD4-H T cells (me- 
dian 1.47%, IQR 0.80-3.17 versus 0.71%, IQR 0.57- 
1.03; P = 0.002). In contrast, in patients with RA, the 
frequency of IL-17+ cells was increased in the SF as 
compared to the PB in the CD4-I- T cell compartment 
only (median 1.27%, IQR 0.75-2.10 versus 0.63%, IQR 
0.28-0.88; P = 0.008) and not in the CD4- T cell 
compartment (median 0.13%, IQR 0.06-0.28 versus 
0.11%, IQR 0.06-0.21; P = 0.67). 
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Figure 1. Frequency of interleukin-17 (IL-17)-expressmg cells in 
CD3+, CD3+CD4+, CD3+CD4-, and CDS + CDS + T cell popula- 
tions in paired peripheral blood (PB) and synovial fluid (SF) samples 
from patients with psoriatic arthritis (PsA) or rheumatoid arthritis 
(RA). Mononuclear cells from paired PB and SF samples from 
patients with PsA (n = 21) and patients with RA (n = 14) were 
isolated and stimulated as described in Patients and Methods. A, 
Percentage of IL-17-expressing cells within CD4+ and CD4— T cells 
(top panels) and within CD8+ and CDS— T cells (bottom panels), as 
determined by flow cytometry in PB and SF from a representative 
patient with PsA and a representative patient with RA. B, Percentage 
of IL-17+ cells in total CD3 + , CD4+, CD4-, or CD8+ T cells in 
paired PB and SF samples from patients with PsA and patients with 
RA. For the CD8+ subset, the percentage of IL-17+ cells was 
determined in paired samples from 8 PsA patients and 3 RA patients. 
Data were analyzed using Wilcoxon's matched pairs signed rank test. 
Color figure can be viewed in the online issue, which is available at 
http://onlinelibrary.wiley.com/doi/10.1002/art.38376/abstract. 



To clarify whether the IL-17+CD3+CD4- T 
cell subset was indeed also CD8 + , we performed paral- 
lel analysis of IL-17 expression in CD4— T cells and 
CD8+ T cells in 11 samples (8 from patients with PsA 
and 3 from patients with RA). In the paired samples 
from patients with PsA, a similar increase in IL-17+ 
cells in the SF as compared to the PB was observed in 
both the CD4- and CD8+ T cell subsets (Figure IB and 
Supplementary Figure 1, available on the Arthritis & 
Rheumatology web site at http://onlinelibrary.wiley.com/ 
doi/10.1002/art.38376/abstract). 

Unlike some other PsA cohorts, in our cohort, 
the majority of patients, 76% (16 of 21), were classified 



as having oligoarthritis rather than polyarthritis. None of 
the patients had pure spondyloarthritis (SpA), arthritis 
mutilans, or distal interphalangeal joint arthritis. Sub- 
group analysis revealed that the increase in frequencies 
of IL-17 + CD4- T cells and IL-17+CD4+ T cells in the 
SF as compared to the PB was of similar magnitude 
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Figure 2. CD3+CD4— T cells in patients with psoriatic arthritis 
(PsA) are predominantly CD8+ T cells lacking markers associated 
with cytolytic activity. Cryopreserved mononuclear cells from paired 
peripheral blood (PB) and synovial fluid (SF) samples from patients 
with PsA were thawed and stimulated with phorbol myristate acetate 
and ionomycin in the presence of GolgiStop for 3 hours, and then 
stained for the expression of CD3, CD4, CDS, CD161, -y/8 T cell 
receptor (TCR), V„7.2 TCR, granzyme B (GrB), perforin (Prf), and 
CD107a, along with interleukin-17 (IL-17). A, Left, Gating strategy to 
identify IL-17+CD3+CD4— T cells by flow cytometry. Representative 
results are shown. A, Right, Percentage of cells within the IL- 
17-HCD3-HCD4- T cell population that were either CD8-H, CD161-I-, 
7/8-CD161+V„7.2+ (mucosal-associated invariant T [MAIT] cells), 
or 7/8-1- . B, Top, Coexpression of IL-17 or interferon-7 (IFN7) and 
granzyme B, perforin, or CD107a in CD3+CDS-H T cells from PsA PB 
and SF, as determined by flow cytometry. Representative dot plots 
are shown. B, Bottom, Percentage of cells within the IL-17-H 
CD3-I-CD8-I- T cell population that expressed granzyme B, perforin, 
or CD 107a in PsA PB and SF. Results are the mean ± SEM of 4 
samples. Color figure can be viewed in the online issue, which is 
available at http://onlinelibrary.wiley.com/doi/10.1002/art.38376/abstract. 
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Figure 3. Frequencies of pro- and antiinflammatory cytokine-expressing T cells in paired peripheral blood (PB) and synovial fluid (SF) samples 
Irom patients with psoriatic arthritis (PsA). Mononuclear cells were isolated from paired samples of PsA PB and SF (n = 21), and then stimulated 
ex vivo with phorbol myristate acetate and ionomycin in the presence of GolgiStop and stained for expression of interferon-7 (IFN-y), tumor necrosis 
factor a (TNFa), interleukin-10 (IL-10), IL-22, and IL-21. Viable CD3+ T cells were gated and the percentages of cytokine-expressing cells were 
determined in A, CD3+CD4- T cells (triangles; n = 13) or CD3 + CD8+ T cells (circles; n = 8), or in B, CD3 + CD4+ T cells. Each symbol joined 
by a line represents a paired sample from a different patient. Data were analyzed using Wilcoxon's matched pairs signed rank test. 



between individuals with oligoarthritis {P = 0.001 and 
P = 0.02, respectively) and those with polyarthritis (P = 
0.06 and P = 0.06, respectively), although the difference 
did not reach statistical significance in the polyarthritis 
group due to its small sample size (see Supplementary 
Figure 2, available on the Arthritis & Rheumatology web 
site at http://onlinelibrary.wiley.com/doi/10.1002/ 
art.38376/abstract). 

In addition, we sought to identify whether the 
IL-17+CD4- T cell population in the SF of patients 
with PsA is composed, in part, of CD161+ cells, MATT 
cells, or y/8 T cells, all of which have been demonstrated 
to contain 11^17-expressing cells (25-27). Cryopre- 
served PBMCs and SFMCs were stained for CDS, CD4, 
CDS, CD161, y/8 TCR, V„7.2 TCR, and IL-17. Similar 
to the above findings, the majority of IL- 
17 + CDS +CD4- T cells were CD8+ (Figure 2A). 
Within the IL-17+CDS+CD4- T cell compartment, 
the majority of cells expressed CD161. However, fewer 
than 14% of the IL-17+CDS+CD4- non-y/S T cells 
expressed both CD161 and V„7.2 TCR, the characteris- 
tic markers of MAIT cells (Figure 2A). Finally, very few 
cells in the IL-17+CDS + CD4- T cell compartment 
expressed y/8 TCR (Figure 2A). Taken together, these 
results indicate that, although some II^17+CD4- T 
cells in patients with PsA can be characterized as MAIT 
cells or y/8 T cells, the majority comprise CD8+ and 
CD161+ TceUs. 

Lack of expression of cytotoxic function markers 
by IL-17+CD8+ T cells. We investigated whether the 
IL-17+CD8+ T cells identified in patients with PsA had 
features of classic cytotoxic lymphocytes, by analyzing 



the T cell expression of CD107a (a degranulation 
marker) and the cytotoxic proteins perforin and gran- 
zyme B (28). Cryopreserved PBMCs and SFMCs (n = 4 
paired samples) were thawed, stimulated with PMA and 
iomomycin in the presence of GolgiStop, and stained for 
CDS, CD4, CD8, CD 107a, perforin, granzyme B, IL-17, 
and IFN7. Although a small, but distinct, population of 
IFN-)/+CD8+ T cells in both the PB and SF samples 
from PsA patients expressed CD 107a, perforin, and/or 
granzyme B, the IL-17+CD8+ subset of T cells, from 
either the PB or SF of PsA patients, showed very little 
expression of any of these markers (Figure 2B). 

Characterization of other cytokine-expressing T 
cells in the PB and SF of patients with PsA. We assessed 
the T cell expression of other cytokines that have been 
previously associated with the development or regula- 
tion of inflammation in inflammatory skin and/or in- 
flammatory joint diseases. In addition to the increase in 
IL-17+ T cells in PsA SF as compared to PB (as shown 
in Figure 1), within the CDS+CD4— T cell compart- 
ment (CDS + CD4- T cells [n = IS] or CDS + CD8+ T 
cells [n = 8]), we found a significantly increased fre- 
quency of IL-21 + cells in the PsA SF as compared to PB 
(median 1.19%, IQR 0.67-2.71 versus 0.62%, IQR O.SS- 
0.96; P = 0.02), but no other cytokines were differen- 
tially expressed in this T cell subset, although trends 
were observed for IFN7 and TNFa (Figure SA). In 
contrast, within the CD4-I- T cell compartment, we 
observed significantly increased frequencies of cytokine- 
expressing T cells in the PsA SF as compared to PB for 
all of the cytokines assessed (Figure SB). Of note, we 
found no significant difference in the frequency of any 
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Figure 4. Correlation between the frequency of interleukin-17 (IL- 
17)-expressing CD4— and CD4+ T cells in psoriatic arthritis (PsA) 
synovial fluid (SF) and clinical parameters of disease. Clinical mea- 
sures of disease activity (C-reactive protein [CRP] level, erythrocyte 
sedimentation rate [ESR], and Disease Activity Score in 28 joints 
[DAS28]) were determined at the time of PsA SF sampling. Mononu- 
clear cells from the SF of patients with PsA (n = 21) were stimulated 
as described in Patients and Methods. The percentage of IL-17-1- cells 
within the CD3-HCD4- T cell population (including CD3 + CD8+ 
cells [open diamonds]; n = 8) (A) and within the CD3-HCD4-I- T cell 
population (B) in PsA SF was plotted against the CRP level, ESR, and 
DAS28. Regression coefficients (solid lines) with 95% confidence 
intervals (broken lines) were calculated using Spearman's correlation 
coefficients for nonparametric data. 



cytokine-expressing PB T cells between PsA patients 
(n = 33) and healthy controls (n = 14) (results not shown). 

Positive correlation between frequency of SF 
IL-17+CD4- T cells, but not IL-17+CD4+ T cells, and 
clinical measures of disease activity in PsA. To gain an 
insight into the potential relevance of the different 
IL-17+ T cell subsets to disease pathogenesis, we as- 
sessed correlations of T cell subset frequencies with dis- 
ease activity parameters. A strong positive correlation 
was observed between the frequency of SF IL-17+ 
CD4- T cells (n = 21) and the CRP level (r = 0.52, P = 
0.01), ESR (r = 0.59, P = 0.004), and DAS28 (r = 0.52, 
P = 0.01) in patients with PsA (Figure 4A). In contrast, 
no significant correlations were observed between the 
frequency of PsA SF IL-17+CD4+ T cells and any of 
the clinical parameters, although a trend toward a 
correlation with the ESR was observed (Figure 4B). 

Correlation between frequency of SF IL-17-1- 
CD4— T cells and the mean PDUS score for the 
presence of local synovitis and association with erosive 
disease status in PsA. PDUS images of the clinically 
swollen knee joints of patients with PsA (n = 17) were 
recorded prior to joint aspiration (representative images 
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Figure 5. Correlation between the frequency of interleukin-17 (IL- 
17)-expressing CD4— T cells and the power Doppler ultrasound 
(PDUS) score for the presence of local synovitis in patients with 
psoriatic arthritis (PsA), and enrichment of this T cell subset in the 
joints of patients with erosive disease. A, Representative PDUS images 
illustrating the semiquantitative grading system for active synovitis in 
the knee joints of patients with PsA, where 0 = no signal, 1 = 1-2 
pixels, 2 = <50% signal, and 3 = £50% signal. B, Correlations 
between measures of disease activity (the C-reactive protein level or 
erythrocyte sedimentation rate) and the mean PDUS score of the 
aspirated knee joints (n = 17). C, Correlations between the percentage 
of IL-17+ cells within CD3-HCD4- T cells (including CD3-I-CD8-I- T 
cells [open diamonds]; n = 8) or CD3+CD4+ T cells from PsA 
synovial fluid (SF) and the mean PDUS score in the same knee 
joint. In B and C, regression coefficients (solid lines) with 95% 
confidence intervals (broken lines) are shown for each plot. D, 
Percentage of IL-17-1- cells within the CD3-I-CD4- T cell (in- 
cluding CD3+CD8+ cells [open circles]) and CD3 + CD4-H T cell 
populations in paired samples of peripheral blood (PB) and SF 
from patients with erosive PsA (n = 13) compared to patients 
with nonerosive PsA (n = 8). Each symbol joined by a line repre- 
sents a paired sample from a different patient. Data were analyzed 
using one-way analysis of variance for parametric or nonparametric 
data, where appropriate. * = P < 0.05; ■*■* = ?< 0.01; *** = P < 
0.001. 
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are shown in Figure 5A). PDUS images were scored by 
2 independent assessors. Comparison of the scores 
between the 2 readers yielded an intraclass correlation 
coefficient of 0.822 (95% CI 0.66-0.91) and a weighted 
kappa value of 0.55 (95% CI 0.36-0.74), which is 
indicative of moderate-to-good agreement (29). 

PDUS scores for the presence of active synovitis 
in the PsA knee joints were positively correlated with the 
CRP level (r = 0.75, P = 0.0003) and the ESR (r = 0.68, 
P = 0.002) (Figure 5B), thus reiterating their use as 
surrogate markers of inflammation. We observed a 
positive correlation between the frequency of SF IL- 
17 + CD4- T cells, but not SF IL-17+CD4+ T cells, and 
the PDUS score of the aspirated knee joint (r = 0.49, 
P = 0.04 and r = 0.20, P = 0.45, respectively) (Figure 
5C). In addition, the PDUS score was positively corre- 
lated with the frequency of SF IL-22+CD4- T cells (r = 
0.58, P = 0.01), whereas this was not observed for SF 
IL-22+CD4+ T cells (results not shown). No correla- 
tions were found between the PDUS score and other 
cytokine-expressing CD4— or CD4-I- T cells (results not 
shown). 

Interestingly, the frequency of IL-17-I-CD4— T 
cells was significantly increased in the SF from PsA 
patients with erosive disease (n = 13) as compared to 
those with nonerosive disease (n = 8) (P < 0.05) (Figure 
5D). Furthermore, in patients with erosive disease, the 
frequency of IL-17+ cells within both the CD4— and 
CD4-I- T cell populations was significantly increased in 
the SF as compared to the PB (n = 13). This relationship 
was not observed for any of the other SF cytokine- 
expressing cells examined. 

DISCUSSION 

Our findings demonstrate that IL-17-I-CD4- T 
cells, consisting predominantly of CD8-I- T cells, are 
present at increased levels in PsA SF as compared to 
paired samples of PsA PB and SF samples from patients 
with RA. In addition, the frequency of these SF IL- 
17-I-CD4- T cells is correlated with serologic, chnical, 
and imaging measures of PsA disease activity and ero- 
sive disease status. IL-17+CD8+ T cells may therefore 
represent a previously unrecognized T cell population 
involved in the pathogenesis of PsA. 

IL-17+CD8+ T cells have not been previously 
investigated in PsA, but studies in psoriasis have shown 
that the numbers of these cells are increased in psoriatic 
skin plaques, when compared to healthy control skin, 
and this increased frequency is correlated with disease 
activity (30-34). Thus, in the same way that IL- 
17+CD8+ T cells have been shown to participate in skin 



inflammation in psoriasis, we propose that these cells 
are contributors to joint inflammation and progressive 
joint damage in PsA. These findings suggest that there is 
a potential similarity in immunopathologic characteris- 
tics between PsA and psoriasis, and indicate that there 
are differences compared to RA. The concept that PsA 
may be immunologically more similar to SpA than to 
RA has been recently proposed (35). In that review, the 
findings suggested that CD8-I- T cells may potentiate the 
induction of inflammatory cytokines such as IL-1/3, 
IFN7, or TNFa. Our current findings suggest that there 
is a more direct mechanism for the pathogenic role of 
CD8+ T cells in PsA, through the expression of the 
proinflammatory and osteoclastogenic cytokine IL-17. 

IL-17 is now considered to be a key cytokine in 
the pathogenesis of a number of autoimmune and 
autoinflammatory conditions in humans (16). As such, it 
is of interest that we found IL-17 -I- T cells to be 
particularly enriched in the SF of patients with erosive 
disease. Joint ultrasonography and PDUS are now used 
to detect joint inflammation (36). It is therefore note- 
worthy that the frequencies of SF IL-17+CD4— T cells, 
but not IL-17-HCD4+ T cells, IFNy-hCD4- T cells, or 
TNFa+CD4- T cells, were positively correlated with 
the PDUS score for the presence of active synovitis in 
the aspirated joint in patients with PsA. These data 
further suggest that IL-17-I-CD4- T cells may be poten- 
tially important contributors to disease activity in PsA. 

Additionally, we found that the PDUS score of 
the aspirated joint was positively correlated with the 
frequency of SF IL-22 + CD4— T cells. IL-22, expressed 
by CD4+ and CD8+ T cells and natural killer cells, 
among others, has been implicated in the pathogenesis 
of psoriasis via its effects on keratinocyte proliferation 
and differentiation. The expression of IL-22 is increased 
at the mRNA level in psoriatic plaques, as compared to 
that in nonlesional skin (37). Interestingly, a significant 
proportion of PsA SF IL-22-I-CD4— T cells also ex- 
pressed IL-17 (mean ± SEM 21.7 ± 6.04%) (results not 
shown), which may explain, in part, their positive corre- 
lation with the PDUS score. However, IL-22 -hCD4- T 
cell levels were not significantly increased in the PsA SF 
as compared to the PB, nor were they correlated with 
other disease activity measures or erosive status. In- 
stead, IL-17-I-CD4- T cells were predominant corre- 
lates with disease activity markers, i.e., the CRP level, 
ESR, and DAS28. 

Several groups have investigated the expression 
of IL-17 at sites of inflammation in CD4+ and CD8+ T 
cells, as well as in other cells, including y/8 T cells, mast 
cells, neutrophils, and MAIT cells (26,27,38,39). IL- 
17-I-CD4-I- T cells have been found in the lesional skin 
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of patients with psoriasis (31,40,41), as well as in the 
joints of patients with RA (14,18,42,43), those with PsA 
(13,14), those with reactive arthritis (44), and those with 
ankylosing spondylitis (13,45). In a study by Raychaud- 
huri et al (46), an increase in the frequency of Thl7 cells 
was observed in PsA SF as compared to PB. Moreover, 
those authors observed an enrichment of these cells in 
the synovial tissue and lesional skin of PsA patients (46). 
In contrast to our results, they reported that 11^17 
expression was restricted to CD4+ T lymphocytes, which 
may be related to differences in the stimulation protocol. 
Raychaudhuri and colleagues used PMA-ionomycin 
stimulation for 24 hours, followed by 6 hours of stimu- 
lation with monensin before cytokine staining, whereas 
we stimulated cells for only 3 hours. It is possible that 
IL-17+CD8+ T cells might not be detected after a 
longer period of stimulation, due to IL-17 having already 
been secreted, or possibly due to cell death or exhaus- 
tion. 

A previous study showed that mast cells were the 
predominant IL-17-expressing cells in RA synovial tis- 
sue, as determined by immunohistochemistry (47). Sim- 
ilar immunohistochemistry findings were observed in 
SpA synovial tissue, with results indicating that there 
were very few IL-17+CD3+ T cells, whereas IL-17+c- 
kit+ mast cells were enriched in the SpA synovium 
relative to the RA synovium, although these cells did not 
show signs of degranulation (39). The low detection rate 
of IL-17 -I- T cells in the tissue by immunohistochemistry 
may be partially attributable to rapid secretion of IL-17 
by CD3 + cells. Previous studies of psoriatic skin samples 
demonstrated similarly that only IL-17-1- mast cells could 
be identified by immunohistochemistry, but when the T 
cells were separated and stimulated in vitro, high levels 
of IL-17-1-CD8+ T cells and fewer IL-17+CD4-H T cells 
were detected by flow cytometry (33). These findings 
indicate that immunohistochemistry and flow cytometry 
may reveal different IL-17+ cell populations. Consistent 
with other studies (28,48), we found that the expression 
levels of CD107a, perforin, and granzyme B were atten- 
uated in IL-17 + CD8+ T cells compared to 
IFN7+CD8-I- T cells, indicating that these IL- 
17 +CD8+ T cells do not have prototypical cytotoxic 
function and, rather, may be proinflammatory in nature. 

The findings we present herein become more 
relevant in the context of anti-IL-17A antibody trials 
that are currently under way in patients with PsA. The 
first trial, assessing the efficacy and safety of secuki- 
numab in patients with active PsA, revealed a modest 
improvement in patients as compared to controls, al- 
though the moderate results were thought to be due to 
the small cohort size (49). Further large trials are 



currently ongoing, and the results of these should be 
more conclusive regarding the pathogenic role of IL-17 
in PsA. 

Furthermore, recent genome-wide association 
studies in PsA have identified variants in the TRAF3IP2 
gene (50), encoding Act-1 (NF-kB activator 1), a key 
mediator of IL-17 signaling, and in the RUNX3 gene 
(51), a transcription factor that promotes CD8-I- T cell 
development in the thymus, as risk factors for disease 
development. It would be of interest to analyze future 
patients for these variants, to establish whether there is 
a link between these genotypes and IL-17-I-CD8-I- T 
cells in PsA. 

In conclusion, our data demonstrate, for the first 
time, that the frequency of IL-17-I-CD4- T cells is 
increased in PsA SF, and that these levels are correlated 
with blood, clinical, and imaging measures of disease 
activity. We did not detect these IL-17+CD4— T cells in 
RA SF. We show that IL-17 + CD4- T cells comprise 
mainly CD8 + cells and lack classic cytolytic markers. In 
addition, SF IL-17+CD4- T cell levels are increased in 
PsA patients with erosive disease as compared to those 
with nonerosive disease. We propose that these cells 
represent a previously unrecognized population of im- 
mune cells that may represent a functionally important 
mechanism in the pathogenesis of PsA. 
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